BACKGROUND: Health literacy and numeracy influence many health-related behaviors and outcomes. Health literacy and numeracy have been assessed objectively and subjectively, but interrelationships among the measures and the consistency of their association with health knowledge have not been examined. OBJECTIVE: To increase understanding of the structure and interrelations among objective and subjective health literacy and numeracy and how these constructs relate to knowledge of risk factors of two major diseases. DESIGN: Secondary analysis of cross-sectional survey data, weighted to be representative of the general US population of non-institutionalized adults. PARTICIPANTS: Participants (N = 1005, 55.2% response rate) were recruited from GfK KnowledgePanel. The unweighted sample included 52% women, 26% racial/ ethnic minorities, and 37% with no college experience. MAIN MEASURES: Objective health literacy, subjective health literacy, objective numeracy, subjective numeracy. Objective and perceived knowledge of diabetes and colon cancer risk factors were also assessed. KEY RESULTS: Confirmatory factor analyses indicated that a model with correlated (r = 0.16-0.56) but separate factors for each of the four literacy/numeracy constructs best fit the data (RMSEA = 0.055 (95% CI 0.049-0.061), CFI = 0.94). Consistency between measures in classifying people as having adequate or limited health literacy or numeracy was 60.9-77.1%, depending on the combination of measures. All four literacy/numeracy constructs were independently associated with objective diabetes knowledge and objective colon cancer knowledge (all ps < .04). Subjective (but not objective) literacy and numeracy measures were associated with diabetes perceived knowledge (all ps < .02). No literacy/numeracy measures were associated with perceived colon cancer knowledge. CONCLUSIONS: We identified objective and subjective health literacy and numeracy as four distinct but related concepts. We also found that each construct accounts for unique variance in objective (but not subjective) disease knowledge. Until research uncovers what psychological processes drive subjective measures (e.g., motivation, self-efficacy), research investigating the relationship between health literacy and health outcomes should consider assessing all four measures.
INTRODUCTION
Preventing disease and maintaining wellness require patients to take considerable responsibility for their health. 1 Consequently, individuals must know what factors influence disease risk. However, many individuals have limited ability to understand and use written, verbal, and/or numeric health information. 2, 3 Limited health literacy and numeracy are associated with poorer health indicators and outcomes, including increased hospitalizations, lower use of health promotion and disease detection services, higher prevalence and severity of chronic disease, higher medication non-adherence, and lower health behavior engagement. [4] [5] [6] [7] Lower health literacy and numeracy are also associated with lower knowledge of disease risk factors. 5, [8] [9] [10] Thus, limited health knowledge may contribute to the association between lower health literacy/numeracy and poor health outcomes. 7 However, unresolved questions exist about the nature and uniqueness of health literacy and numeracy, including whether numeracy is a distinct construct or a sub-component of health literacy, and whether there are differences between objective measures of health literacy and numeracy (which have answers that can be categorized as correct or incorrect), [11] [12] [13] versus subjective measures (which ask patients to evaluate their own abilities). 14, 15 Both questions are central to understanding the nature of these constructs, their relation to health knowledge, and which tools should be used in scientific inquiry and clinical practice. Prior research focused primarily on comparing objective and subjective measures of health literacy 14, 16 or objective and subjective measures of numeracy, 15 but few studies have examined all four constructs simultaneously. Such a study would provide insight into whether each of the four constructs contributes independently to the prediction of key outcomes.
We sought to improve understanding of the nature of health literacy and numeracy. Specifically, whether objective and subjective measures of health literacy and numeracy represent four separate constructs, one overarching construct, or two constructs characterized as either subjective versus objective or health literacy versus numeracy. We also investigated the extent to which the four measures make unique contributions to lay people's objective and perceived health knowledge. Objective knowledge is important for determining whether to take a health-protective action. 17 Perceived knowledge, or how much information people feel they have, may be related to an individual's sense of the appropriateness of taking action. 18 We (1) used confirmatory factor analysis (CFA) to determine whether objective and subjective health literacy and numeracy should be considered distinct constructs; (2) examined the extent to which objective and subjective measures categorize the same people as having adequate health literacy or numeracy; and (3) examined the extent to which health literacy and numeracy measures categorize the same people as having adequate facility with health information. We also examined whether (4) objective disease knowledge is predicted better by objective or subjective health literacy and/or numeracy measures and (5) subjective knowledge is better predicted by one of the health literacy/numeracy measures.
We examined these issues in two disease contexts: colon cancer and diabetes. Examining these diseases provided insight into the generalizability of our findings to diseases that vary in prevalence, risk factors, emotional responses, and treatment type and duration.
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METHODS
Participants and Procedure
All study materials and procedures were approved by the University of Buffalo Institutional Review Board, but recruitment and data collection were conducted through GfK. GfK is an international research company that uses address-based random sampling to create an Internet-based survey panel that is comprised of a population-based sample of the non-institutionalized US population. GfK provides panelists with a free personal computer and/or Internet connection if they need one. For this study, GfK randomly selected potential participants from its panel and emailed them an invitation to complete the questionnaire. Reminder emails were sent after 3 days and reminder phone calls 3-4 days after that. Taking the survey took approximately 20 min. Participants received points that could be redeemed for products in compensation for their participation.
Eligibility criteria were as follows: at least 18 years old, communicate in English, and no personal history of both colon cancer and diabetes mellitus. Panelists with a diagnosis of either colon cancer or diabetes were eligible. Of 1818 panelists screened, 1007 (55.4%) agreed to participate and provided valid data. Of these, two failed the eligibility screener and were withdrawn from the study. Of the 1005 remaining eligible respondents, 112 reported having diabetes and therefore only received questions about colon cancer, and 6 reported having colon cancer and only received questions about diabetes. The remaining 887 respondents did not report being diagnosed with either illness, and received questions about both colon cancer and diabetes. To prevent existing disease knowledge from biasing knowledge outcomes, we did not ask respondents to answer questions about a disease for which they had a diagnosis.
Measures
The survey included items assessing demographics, health history, and several psychosocial constructs. Below, we describe the measures used for this paper. The full survey can be obtained from the corresponding author.
Objective Health Literacy. We administered the 6-item Newest Vital Sign (NVS). 23 Items were scored correct or incorrect, and the correct items were summed. Missing items were considered incorrect. Scores of 0-3 indicated limited objective health literacy; scores of 4-6 indicated adequate objective health literacy.
Subjective Health Literacy. We administered the 3-item Brief Health Literacy Screener (Cronbach's α = 0.67) 24 . One item was reverse coded and then summed with the other 2 items. Then, the summed values were reverse scored so higher numbers indicated higher health literacy. Scores of 0-6 indicated limited subjective health literacy; scores of 7-12 indicated adequate subjective health literacy.
Objective Numeracy. We adapted three of four objective numeracy items 13, 16, 25 to be directly related to health instead of a lottery context. Items were scored correct or incorrect and then summed. Missing items were considered incorrect. Scores of 0-2 indicated limited objective numeracy; scores of 3-4 indicated adequate objective numeracy.
Subjective Numeracy. We administered the Subjective Numeracy Scale-3 15 (Cronbach's α = 0.85). Items were summed. Based on a median split, scores of 0-12 indicated limited subjective numeracy; scores 13-18 indicated adequate subjective numeracy.
Objective Knowledge. We assessed knowledge by asking whether Beach item below lowers the risk of someone getting [diabetes/colon cancer], has no effect on the risk, or raises the risk of someone getting [diabetes/colon cancer].^A do not know option was provided. The five potential diabetes risk-increasing and risk-decreasing factors were as follows: smoking, eating a healthy diet, having a blood relative with diabetes, older age, and staying at a healthy weight. 19 The five potential colon cancer risk-increasing and risk-decreasing factors were as follows: older age, high-fat diet, regular physical activity, smoking, and having a blood relative with colon cancer. 20 Items were scored correct or incorrect and correct scores were summed. Missing items and do not know responses were considered incorrect. Two foils were included for each disease, but not included in the summed score. The possible range for each knowledge scale was 0-5.
Perceived Knowledge. Given the dearth of prior research in the area, we assessed perceived knowledge with one authorcreated item: BI feel like I have enough information to know my risk of getting diabetes/colon cancer (1) strongly disagree -(4) strongly agree.D emographics. GfK provided age, sex, race/ethnicity, education, income, employment status, marital status, and geographic location (metro/non-metro).
Analysis Plan
Statistical analyses were performed using MPlus 8 26 and Stata 14. 27 To examine the number of constructs assessed by the health literacy and numeracy measures, we used confirmatory factor analysis (CFA) with robust weighted least squares estimators. We first estimated a model with objective health literacy, subjective health literacy, objective numeracy, and subjective numeracy as four separate Blatent factors^(i.e., concepts that cannot be directly observed and therefore must be measured through indirect strategies such as survey items). To accomplish this, we instructed MPlus that the subjective numeracy items should be considered one Bsubjective numeracy^factor and the subjective health literacy items should be considered one Bsubjective health literacy^factor. We performed the same process for each of the two objective measures. The exception was that, because answers for the sixth objective health literacy item depended on answers from the fifth item, we only included the first five objective health literacy items. A model including the sixth item showed the same factor structure but slightly worse model fit, indicative of a more complex model that does not improve prediction.
We examined the overall model fit and the intercorrelation matrix among the four factors. To compare the plausibility of the four-factor model to other models, we estimated three additional CFA models: (a) a two-factor model with all the objective and subjective numeracy items Bloading on^(or Bbelonging to^) one numeracy latent factor and all the objective and subjective health literacy items loading on one health literacy latent factor; (b) another two-factor model with all the objective health literacy and numeracy items loading on one objective latent factor and all the subjective heath literacy and numeracy items loading on a separate subjective latent factor; and (c) a onefactor model with all items loading on one latent factor.
To examine overlap among the four measures, we conducted cross tabs. To test the predictive power of the measures, we conducted separate weighted linear and logistic regression models for each predictor (i.e., objective and subjective health literacy and numeracy) and each outcome (i.e., objective and subjective knowledge of diabetes and colon cancer). We tested unadjusted models and models adjusting for demographics and using the weights provided by GfK. Lastly, we tested a model that included all the health literacy and numeracy measures as predictors in the same regression.
RESULTS
The analytic sample included 1005 participants. 
Number of Constructs
Full details on the CFA model can be obtained from the corresponding author. Briefly, every individual survey item loaded significantly and in the expected direction on its hypothesized latent factor. As shown in the Online Supplement Table 1 , the fit indices indicated that the four-factor solution provides a good fit to the data, meeting recommended guidelines for good model fit for the root mean square approximation (RMSEA) and comparative fit index (CFI). 28, 29 The fourfactor model also provides a meaningfully better fit to the data than do any of the alternative models (all chi-square difference tests using the DIFFTEST MPlus procedure were significant and the RMSEA fit indices have non-overlapping confidence intervals). Moreover, the fit of the four-factor solution indicates that the factors represent separate and distinct constructs despite their intercorrelations (Tables 2 and 3 ).
Overlap Between Objective and Subjective Measures
For objective and subjective health literacy, 791 (77.11% weighted) participants were classified as limited on both or adequate on both (Table 4) . When there was a discrepancy, more people were classified as adequate on subjective health literacy and limited on objective health literacy (n = 161, 18.80% weighted) than the converse (n = 39, 4.08% weighted).
For objective and subjective numeracy, 682 (68.08% weighted) were classified the same on both measures (Table 4 ). The discordance between measures was approximately equal; 142 (14.50% weighted) participants were classified as adequate on subjective numeracy and limited on objective numeracy, and the converse for 167 (17.43% weighted) participants.
Overlap Between Health Literacy and Numeracy
Objective measures of health literacy and numeracy placed 707 (70.33% weighted) participants in identical categories (Table 4) . Differences were mainly due to participants having adequate health literacy and limited numeracy (n = 235, 22.86% weighted). Only 63 (6.81% weighted) participants had adequate numeracy but limited health literacy.
For both subjective measures, there was 60.86% (weighted) overlap (n = 631) ( Table 4 ). The main difference was because 329 (36.17% weighted) participants believed they had adequate health literacy but limited numeracy. In contrast, 21 (2.97% weighted) participants believed they had adequate numeracy, but limited health literacy. Table 5 presents the unadjusted and adjusted associations between the individual health literacy and numeracy measures and objective and subjective disease knowledge. In unadjusted and adjusted models, higher objective knowledge of diabetes and colon cancer was statistically significantly associated with adequate objective and subjective health literacy and numeracy. However, the relationships were different for perceived knowledge. Higher perceived diabetes knowledge was statistically significantly related to adequate subjective (but not objective) health literacy and numeracy. Perceived knowledge Unadjusted and adjusted models that predict knowledge from all four health literacy and numeracy measures are presented in Table 6 . Adequate (vs. limited) objective and subjective health literacy and numeracy were associated with greater objective diabetes knowledge and greater objective colon cancer knowledge. Adequate subjective (but not objective) health literacy and numeracy were associated with more perceived diabetes knowledge. Perceived colon cancer knowledge was not significantly related to any of the health literacy or numeracy measures.
Predicting Objective and Perceived Disease Knowledge from Health Literacy and Numeracy
DISCUSSION
We recruited a large population-based sample to increase understanding of the nature of health literacy and numeracy. The data yielded three main findings: (1) objective and subjective measures of health literacy and numeracy represent four related but independent constructs; (2) from a clinical assessment perspective, the four measures are relatively consistent in their identification of individuals with adequate or limited facility with health information; (3) from a conceptual perspective, the four measures all uniquely relate to objective disease knowledge when considered simultaneously; and (4) the relationship between the health literacy/numeracy measures and perceived knowledge is different from their relationship with objective knowledge.
Prior work has examined the extent to which objective and subjective measures of health literacy, and objective measures of numeracy, correctly identify people with limited health literacy compared to a criterion standard. 16 Others have compared objective and subjective measures of numeracy 3, 30 or health literacy, 31 compared objective (but not subjective) measures of health literacy and numeracy, 32 or examined the incremental benefit of adding a subjective health literacy measure to an objective measure. 33 Such evaluations are partly intended to help researchers ascertain which measures most effectively identify people with limited health literacy, so that interventions can be developed and targeted appropriately.
However, that approach does not account for the possibility that the measures could be distinct constructs, and that each provides unique information about an individual's ability to make sense of and use health information. 34 For example, some subjective measures may be measuring more meta-cognitive, emotional, or motivational aspects than actual ability. 35 Nor does prior research generally describe how the four constructs in combination are related to key predictors of health decisions and behaviors such as health knowledge.
2 Our research begins to fill that gap with data indicating that, although objective and subjective measures tend to be relatively consistent in categorizing people as having adequate or limited health literacy and numeracy, they are also unique constructs. Furthermore, each of the four constructs contributes meaningfully to objective knowledge about the risk factors of two major causes of morbidity and mortality. However, as illustrated by the fact that only subjective health literacy/ numeracy measures were associated with perceived diabetes knowledge, the measures are not interchangeable. Furthermore, the relationship between the health literacy measures and perceived knowledge may be different for different diseases; whereas subjective measures were important for perceived diabetes knowledge, they were not associated with perceived colon cancer knowledge. Future research should examine what, precisely, subjective measures of health literacy/numeracy are measuring, as well as what diseasespecific characteristics might drive differences in the ability of subjective measures to predict perceived knowledge. One possibility is to examine whether the frightening nature of cancer 21, 22 may have discouraged people from seeking cancer information, which could result in lower perceived knowledge.
These findings could be used by clinicians to guide conversations with patients. For example, objective health numeracy might be more important when conveying detailed treatment information, but when the goal is to understand how well a patient feels like they understand the information, the clinician might consider subjective health literacy instead. Researchers may consider basing their choice of what measure to include on the goal of the study. For example, a health communication intervention might focus more on objective numeracy, and a shared decision-making intervention might include both objective numeracy and health literacy. It could also be that, given 
